The anomalous metallic state in high-temperature superconducting cuprates is masked by the onset of superconductivity near a quantum critical point. Use of high magnetic fields to suppress superconductivity has enabled a detailed study of the ground state in these systems. Yet, the direct effect of strong magnetic fields on the metallic behavior at low temperatures is poorly understood, especially near critical doping, x = 0.19. Here we report a high-field magnetoresistance study of thin films of La 2−x Sr x CuO 4 cuprates in close vicinity to critical doping, 0.161 ≤ x ≤ 0.190. We find that the metallic state exposed by suppressing superconductivity is characterized by a magnetoresistance that is linear in magnetic field up to the highest measured fields of 80T. The slope of the linear-in-field resistivity is temperature-independent at very high fields. It mirrors the magnitude and doping evolution of the linear-in-temperature resistivity that has been ascribed to Planckian dissipation near a quantum critical point. This establishes true scale-invariant conductivity as the signature of the strange metal state in high-temperature superconducting cuprates. by the frequency dependence of the infrared reflectivity[5] and the energy dependence of the width of the quasiparticle peak in ARPES measurements. [6] In conventional metals, for current to be carried by electron-like quasiparticles near the Fermi surface, the scattering length cannot be significantly shorter than the de Broglie wavelength of electrons. [7][8][9][10] In contrast, the resistivity in the strange metal phase of cuprates does not saturate or exhibit a crossover at the temperature where the inferred quasiparticle scattering length is comparable to the electronic wavelengths, calling into question the very existence of quasiparticles in this state. This behavior is referred to as "Planckian dissipation", suggesting that the transport relaxation rate, /τ , is instead limited by the thermal energy scale k B T . [4, [11] [12] [13] [14] [15] In the two classes of unconventional superconductors with the highest transition temperatures, the cuprates and the pnictides, [16, 17] superconductivity emerges from a metallic state that exhibits Planckian dissipation, a striking fact that is yet to be fully understood.
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Near optimal doping high-temperature superconductivity in cuprates is born directly out of a "strange" metallic state that is characterized by a linear-in-temperature resistivity up to the highest attainable temperatures.[1-4] Such transport behavior indicates scale-invariant dynamics, i.e., lack of an intrinsic energy scale. This scale invariance is further corroborated by the frequency dependence of the infrared reflectivity[5] and the energy dependence of the width of the quasiparticle peak in ARPES measurements. [6] In conventional metals, for current to be carried by electron-like quasiparticles near the Fermi surface, the scattering length cannot be significantly shorter than the de Broglie wavelength of electrons. [7] [8] [9] [10] In contrast, the resistivity in the strange metal phase of cuprates does not saturate or exhibit a crossover at the temperature where the inferred quasiparticle scattering length is comparable to the electronic wavelengths, calling into question the very existence of quasiparticles in this state. This behavior is referred to as "Planckian dissipation", suggesting that the transport relaxation rate, /τ , is instead limited by the thermal energy scale k B T .[4, [11] [12] [13] [14] [15] In the two classes of unconventional superconductors with the highest transition temperatures, the cuprates and the pnictides, [16, 17] superconductivity emerges from a metallic state that exhibits Planckian dissipation, a striking fact that is yet to be fully understood.
Because magnetic fields couple directly to charge carriers, their use has been essential in the study of conventional and correlated metals. Previous studies of high-temperature cuprates have utilized magnetic fields as a way to suppress superconductivity to reveal the normal ground state. [18] [19] [20] [21] [22] [23] Other studies have extrapolated magnetotransport behavior in an attempt to infer the carrier dynamics in the zero field limit. [16, 24] What has been missing is a comprehensive study of the direct effects of magnetic field on the electron dynamics in the strange metal phase of cuprates over a broad range of magnetic fields, an experimental challenge due to the optimal transition temperature and high critical magnetic fields. To this end, we study electrical transport in extremely high magnetic fields in La 2−x Sr x CuO 4 for a range of compositions near critical doping. We find a scale-invariant response to magnetic field that is distinct from the well-understood response of charged quasiparticles to the Lorentz force as they move on the Fermi surface.
[25] Strikingly, linear-in-field resistivity, together with linear-in-temperature resistivity, emerges as an intrinsic characteristic of the strange metal phase in a cuprate superconductor near critical doping. 16, 19] and therefore here one might expect to access the anomalous behavior in the strange metal phase in the broadest range of magnetic fields. Figure 1 shows the in-plane resistivity in a La 2−x Sr x CuO 4 cuprate sample [40, 41] at x = 0.190 [42] (SI) in magnetic fields up to 80T for temperatures in the range 4K to 180K. Linearin-temperature resistivity down to the superconducting temperature, T c = 38.6K (Figure 1b) indicates close proximity to critical doping. Figure 1a shows that magnetoresistance below 40K is linear in magnetic field over the entire normal-state field range up to the highest measured field of 80T. To quantify this observation we define the field-slope, β(B, T ) = dρ(B, T )/dB, and the temperature-slope, α(T ) = dρ(T )/dT . We find that the field-slope saturates at both high magnetic fields and low temperatures. As field is increased, the fieldslope β(B, T ) saturates after superconductivity is suppressed (SI), and as temperature is decreased at a fixed field of ∼ 70T, the slope saturates below about 25K (Figure 1d ). This low-temperature, high-field saturation value of β(B, T ) defines the field-and temperatureindependent field-slope β, which in natural energy units (µ B B for magnetic field) is β/µ B = 5.2µΩcm/meV. This value is comparable in magnitude to the temperature-slope, α/k B = 11.8µΩcm/meV in energy units (k B T for temperature).
In conventional metals magnetoresistance originates in the motion of electron quasiparticles about the Fermi surface under the action of the Lorentz force. [43] Magnetoresistance can be strong at high magnetic fields when the cyclotron frequency ω c is comparable to the quasiparticle momentum relaxation rate, 1/τ 0 , i.e., when ω c τ 0 is near unity. The resistivity 4 at p = 0.190 in Figures 1a,c decreases by nearly a factor of two between 25K and 4K at 80T, comparable to the expected resistivity change associated with linear-in-temperature resistivity at zero-field for the same temperature interval (Figure 1b,c) . [44] In this temperature range the field-slope of magnetoresistance β(B, T ) is large and finite, yet independent of magnetic field and temperature (Figure 1a,d) . The inferred quasiparticle relaxation rate, 1/τ 0 , would change by about a factor of two in this temperature range (Figure 1a,b,c) . Such robustness of magneto-transport to variations in the inferred magnitude of 1/τ 0 at very high fields naturally conforms to scale-invariant transport behavior: at very high magnetic fields the transport relaxation rate is set directly by magnetic field /τ = bµ B B where b is a constant of order of unity. Such behavior is not easy to reconcile with conventional motion of quasiparticles about a Fermi surface.
The absence of a resistive anomaly associated with the significant change in Fermi surface between underdoped and overdoped cuprates, [27, 32] as well as the smooth evolution of the temperature-slope α(x) across critical doping [16] , is an indication of a lack of well-formed quasiparticles in the strange metal phase at high temperatures (the red region of Figure 3) [45]. The doping evolution of the high-field magnetoresistance provides further insight into the character of charge transport in the strange metal phase (the blue region of Figure 3 ). We measured ab-plane resistivity in magnetic fields up to 55T in La 2−x Sr x CuO 4 over the range of dopings x = 0.161 to x = 0.184 ( Figure 2 ). All samples in this doping range exhibit linearin-temperature resistivity at high temperatures and a small extrapolated zero-temperature intercept ( Figure 2b ). The limiting low-temperature, high-field value of field-slope β(x) is shown in Figure 2c along with the temperature-slope α(x) (see SI for details). Both the temperature-slope α(x), and field-slope β(x), decrease monotonically with doping. Furthermore, when expressed in natural energy units, β(x)/µ B and α(x)/k B evolve at a similar rate in this doping range. This weak doping dependence of the slopes at high fields and temperatures is in apparent contrast with the step in Hall coefficient [20] [21] [22] When both temperature and field are finite, the transport relaxation rate is set by the largest energy scale, /τ = max{ak B T, bµ B B} (Figure 1 ), extending the region of scaleinvariant behavior into the temperature-field-doping phase space, as illustrated schematically by dashed lines in Figure 3 . This behavior has been phenomenologically captured in pnictides by adding the thermal and magnetic field scales in quadrature [48] . The temperature-field competition that we observe in cuprates is subtly different. Unlike the saturation of the magnetoresistance at high temperatures, the temperature dependence of resistivity at very high fields does not saturate at low temperatures ( Figure 1d ).
The linear-in-temperature resistivity has been instrumental in the development of several theoretical approaches to understanding the strange metal state in the cuprates. [49] [50] [51] [52] A striking universality in the behavior of relaxation rates in the strange metal state revealed in this study through observation of the linear-in-field resistivity at very high magnetic fields is a new challenge for theory because microscopic effects of magnetic field are highly constrained.
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